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(54) Apparatus for manufacturing semi-solid metallic slurry 



(57) Provided is an apparatus for manufacturing a 
high-quality serni-solid metallic slurry containing fine, 
uniform spherical particles that can be readily and con- 
veniently applied to a subsequent process, with im- 
provements in energy efficiency and mechanical prop- 
erties, cost reduction, convenience of casting, shorter 
manufacturing time, and easy discharge. The apparatus 
includes at least one sleeve for receiving molten metals 
in liquid state; a stirring unit for applying an electromag- 
netic field to the molten metals in the sleeve; at least 
one plunger for defining the bottom of a space where 
the molten metals are loaded, the plunger being Inserted 
into an end of the sleeve; and a driving unit for driving 
the plunger upward and downward. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This application claims the priority of Korean 
Patent Application No. 2003-25998, filed on April 24, 
2003, in the Korean Intellectual Property Office, the dis- 
closure of which is incorporated herein in its entirety by 
reference. 

1. Field of the Invention 

[0002] The present invention relates to an apparatus 
for manufacturing a semi-solid metallic slurry, and more 
particularly, to an apparatus for manufacturing a semi- 
solid metallic slurry in a combined solid and liquid state, 
containing fine, uniform spherical particles. 

2. Description of the Related Art 

[0003] Semi-solid metallic slurries refer to metallic 
materials, in a combined solid and liquid phase, which 
are intermediates manufactured by thixocasting, also 
expressed as rheocasting/thixocasting. Semi-solid me- 
tallic slurries consist of spherical solid particles sus- 
pended in a liquid phase in an appropriate ratio at tem- 
perature ranges of a semi-solid state, and thus, they can 
be transformed even by a little force due to their thixo- 
tropic properties and can be easily cast like a liquid due 
to their high fluidity. Rheocasting refers to a process of 
manufacturing billets or final products from metallic slur- 
ries with a predetermined viscosity through casting or 
forging. Thixocasting refers to a process involving re- 
heating billets, manufactured through rheocasting, back 
into semi-molten metallic slurries and casting or forging 
the metallic slurries to manufacture final products. 
[0004] Such rheocasting/thixocasting is more advan- 
tageous than general forming processes using molten 
metals, such as casting or forging. Because semi-solid/ 
semi-molten metallic slurries used in rheocasting/thix- 
ocasting have fluidity at a lower temperature than mol- 
ten metals, it is possible to lower the die casting temper- 
ature, tnereoy ensuring an extenaea lifespan of ih"e~oTeT 
In addition, when semi-sclld/semi-molten metallic slur- 
ries are extruded through a cylinder, turbulence is less 
likely to occur, and thus less air is incorporated during 
casting. Therefore, the formation of air pockets in final 
products is prevented. Besides, the use of semi-solid/ 
semi-molten metallic slurries leads to reduced shrink- 
age during solidification, improved working efficiency, 
mechanical properties, and anti-corrosion, and light- 
weight products. Therefore, such semi-solid/semi-mol- 
ten metallic slurries can be used as new materials in the 
fields of automobiles, airplanes, and electrical, electron- 
ic information communications equipment. 
[0005] As described above, semi-solid metallic slur- 
ries are used both in rheocasting and thixocasting. In 
detail, semi-solid slurries solidified from molten metals 



by a predetermined method are used in rheocasting, 
and semi-molten slu rries obtained by reheating solid bi I- 
lets are used in thixocasting. Throughout the specifica- 
tion of the present invention, the term, "semi-solid me- 
5 tallic slurries" means metallic slurries in a combined sol- 
id and liquid state at a temperature range, between the 
liquidus temperature and the solidus temperature of the 
metals, which can be manufactured by rheocasting 
through solidification of molten metals. 
10 [0006] In conventional rheocasting, molten metals are 
stirred at a temperature of lower than the liquidus tem- 
perature while cooling, to break up dendritic structures 
Into spherical particles suitable for rheocasting, for ex- 
ample, by mechanical stirring, electromagnetic stirring, 
15 gas bubbling, low-frequency, high-frequency, or electro- 
magnetic wave vibration, electrical shock agitation, etc. 
[0007] By way of example, U.S. Patent No. 3,948,650 
discloses a method and apparatus for manufacturing a 
liquid-solid mixture. In this method, molten metals are 
vigorously stirred while cooled for solidification. A semi- 
solid metallic slurry manufacturing apparatus disclosed 
in this patent uses a stirrer to induce flow of the solid- 
liquid mixture having a predetermined viscosity to break 
up dendritic crystalline structures or disperse broken 
dendritic crystalline structures in the liquid-solid mixture. 
In this method, dendritic crystalline structures formed 
during cooling are broken up and used as nuclei for 
spherical particles. However, due to generation of latent 
heat of solidification at the early stage of cooling, the 
method causes problems of low cooling rate, manufac- 
turing time increase, uneven temperature distribution in 
a mixing vessel, and non-uniform crystalline structure. 
Mechanical stirring applied in the semi-solid metallic 
slurry manufacturing apparatus inherently leads to non- 
uniform temperature distribution in the mixing vessel. In 
addition, because the apparatus is operated in a cham- 
ber, it is difficult to continuously perform a subsequent 
process. 

[0008] U.S. Patent No. 4,465,118 discloses a method 
and apparatus for manufacturing semi-solid alloy slur- 
ries. This apparatus includes a coiled electromagnetic 
field application unit, a cooling manifold, and a die, 
which are sequentially tormed inward, wrterein molten 
metals are continuously loaded down into the vessel, 
and cooling water is flowed th rough the cooling man if old 
to cool the outer wall of the die. In manufacturing semi- 
solid alloy slurries, molten metals are injected through 
a top opening of the die and cooled by the cooling man- 
ifold, thereby resulting in a solidification zone within the 
die. When a magnetic field is applied by the electromag- 
netic field application unit, cooling is allowed to break 
up dendritic crystalline structures formed in the solidifi- 
cation zone. Finally, ingots are formed from the slurries 
and then pulled through the lower end of the apparatus. 
The basic technical idea of this method and apparatus 
is to break up dendritic crystalline structures after solid- 
ification by applying vibration. However, many problems 
arise with this method, such as complicated processing 
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and non-uniform particle structure. In the manufacturing 
apparatus, since molten metals are continuously sup- 
plied to grow ingots, it is difficult to control the states of 
the metal ingots and the overall process. Moreover, prior 
to applying an electromagnetic field, the die is cooled 
using water, so that a great temperature difference ex- 
ists between the peripheral and core regions of the die. 
[0009] Other types of rheocasting/thixocasting known 
in the art are described later. However, all of the meth- 
ods are based on the technical idea of breaking up den- 
dritic crystalline structures after formation, to generate 
nuclei of spherical particles. Therefore, problems arise, 
such as those described in conjunction with the above 
patents. 

[0010] U.S. Patent No. 4,694,881 discloses a method 
for manufacturing thixotropic materials. In this method, 
an alloy is heated to a temperature at which all metallic 
components of the alloy are present in a liquid phase, 
and the resulting molten metals are cooled to a temper- 
ature between their liquidus and solidus temperatures. 
Then, the moften metals are subjected to a shearing 
force in an amount sufficient to break up dendritic struc- 
tures formed during the cooling of the molten metals to 
thereby manufacture the thixotropic materials. 
[001 1 ] Japanese Patent Application Laid-open Publi- 
cation No. Hei. 11-33692 discloses a method for manu- 
facturing metallic slurries for rheocasting. In this meth- 
od, molten metals are supplied into a vessel at a tem- 
perature near their liquidus temperature or of 50°C 
above their liquidus temperature. Next, when at least a 
portion of the molten metals reaches a temperature low- 
er than the liquidus temperature, i.e., at least a portion 
of the molten metals begins with cooling below their liq- 
uidus temperature, the molten metals are subjected to 
a force, for example, ultrasonic vibration. Finally, the 
moften metals are slowly cooled into the metallic slurries 
containing spherical particles. This method also uses a 
physical force, such as ultrasonic vibration, to break up 
the dendrites grown at the early stage of solidification. 
In this regard, if the casting temperature is greater than 
the liquidus temperature, it is difficult to form spherical 
particle structures and to rapidly cool the molten metals. 
Furthermore, this method leads to non-uniform surface 
and core structures. 

[0012] Japanese Patent Application Laid-open Publi- 
cation No. Hei. 10-128516 discloses a casting method 
of thixotropic metals. This method involves loading mol- 
ten metals into a vessel and vibrating the moften metals 
using a vibrating bar dipped in the moften metals to di- 
rectly transfer its vibrating force to the molten metals. 
After forming a semi-solid and semi-liquid molten alloy, 
which contains nuclei, at a temperature range lower 
than its liquidus temperature, the molten alloy is cooled 
to a temperature at which it has a predetermined liquid 
fraction and then left stand from 30 seconds to 60 min- 
utes to allow the nuclei to grow, thereby resulting in th ix- 
otropic metals. However, this method provides relatively 
large particles of about 1 00u. m and takes a considerably 



long processing time, and cannot be performed in a ves- 
sel larger than a predetermined size. 
[0013] U.S. Patent No. 6,432,1 60 discloses a method 
for making thixotropic metal slurries. This method in- 
5 volves simultaneously controlling the cooling and the 
stirring of moften metals to form the thixotropic metal 
slurries. In detail, after loading molten metals into a mix- 
ing vessel, astator assembly positioned around the mix- 
ing vessel is operated to generate a magnetomotive 

10 force sufficient to rapidly stir the molten metals in the 
vessel. Next, the molten metals are rapidly cooled by 
means of a thermal jacket, equipped around the mixing 
vessel, for precise temperature control of the mixing 
vessel and the molten metals. During cooling, the mol- 

15 ten metals are continuously stirred in a manner such that 
when the solid fraction of the moften metals is low, a 
high stirring rate is provided, and when the solid fraction 
increases, a greater magnetomotive force is applied. 
[0014] Most of the aforementioned conventional 

20 methods and apparatuses for manufacturing semi-solid 
metal slurries use shear force to break dendritic struc- 
tures into spherical structures during a cooling process. 
Since a force such as vibration is applied after at least 
a portion of the molten metals is cooled below their liq- 

25 uidus temperature, latent heat is generated due to the 
formation of initial solidification layers. As a result, there 
are many disadvantages such as reduced cooling rate 
and increased manufacturing time. In addition, due to a 
non-uniform temperature between the inner wall and the 

30 center of the vessel, it is difficult to form fine, uniform 
spherical metal particles. Therefore, this structural non- 
uniformity of metal particles will be greater if the tem- 
perature of the moften metals loaded into the vessel is 
not controlled. 

35 [0015] In order to solve these problems, the present 
inventor filed Korean Patent Application No. 
2003-1 351 7, titled "Method and apparatus for manufac- 
turing semi-solid metallic slurry". 

40 SUMMARY OF THE INVENTION 

[0016] The present invention provides an apparatus 
for manufacturing a semi-solid metallic slurry containing 
fine, uniform spherical particles, with improvements in 
45 energy efficiency and mechanical properties, cost re- 
duction, convenience of casting, and shorter manufac- 
turing time. 

[0017] The present invention also provides an appa- 
ratus for manufacturing a high-quality semi-solid metal- 

50 nc slurry within a short period of time, which can be read- 
ily and conveniently applied to a subsequent process. 
[0018] The present invention also provides an appa- 
ratus for manufacturing and discharging a high-quality 
semi-solid metallic slurry in a convenient manner. 

55 [0019] According to an aspect of the present inven- 
tion, there is provided an apparatus for manufacturing 
a semi-solid metallic slurry, the apparatus comprising: 
at least one sleeve for receiving molten metals in liquid 
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state; a stirring unit for applying an electromagnetic field 
to the molten metals in the sleeve; at least one plunger 
fordefining the bottom of a space where the molten met- 
als are loaded, the plunger being inserted into an end 
of the sleeve; and a driving unit for driving the plunger 
upward and downward. 

[0020] According to specific embodiments of the 
present invention, the stirring unit may apply the elec- 
tromagnetic field to the sleeve prior to loading the molten 
metals into the sleeve. Alternatively, the stirring unit may 
apply the electromagnetic field to the sleeve simultane- 
ously with or in the middle of loading the molten metals 
into the sleeve. 

[0021 ] The stirring unit may apply the electromagnetic 
field to the sleeve until the loaded molten metals have 
a solid fraction of 0,001-0.7, preferably 0.001-0.4, and 
more preferably 0.001-0.1. 

[0022] The molten metals in the sleeve may be cooled 
until they have a solid fraction of 0.1-0.7. 
[0023] The apparatus may further comprise a temper- 
ature control element that is installed around the sleeve 
to cool the molten metals. The temperature control ele- 
ment may comprise at least one of a cooler and a heater 
that are installed around the sleeve. The temperature 
control element may cool the molten metals in the 
sleeve at a rate of 0.2-5. 0°C/sec, preferably, 0.2-2. 0°C/ 
sec. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above and otherfeatures and advantages 
of the present invention will become more apparent by 
describing in detail exemplary embodiments thereof 
with reference to the attached drawings in which: 

FIG. 1 is a graph of the temperature profile applied 
to an apparatus for manufacturing a semi-solid me- 
tallic slurry according to the present invention; 
FIG. 2 illustrates the structure of an apparatus for 
manufacturing a semi-solid metallic slurry accord- 
ing to an embodiment of the present invention; 
FIG. 3 is a sectional view of an example of a sleeve 
usecHrr ~a *^eTTii-^ofidm7etailicrslurry*Tnan uf actu ri n g 
apparatus according to the present invention; 
FIG. 4 illustrates a semi-solid metallic slurry manu- 
factured using the apparatus shown in FIG. 2; and 
FIG. 5 illustrates a discharge of a semi-solid metallic 
slurry manufactured using the apparatus shown in 
FIG. 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] Hereinafter, the present invention will be de- 
scribed in detail with reference to the accompanying 
drawings. 

[0026] First, the method for manufacturing a semi-sol- 
id metallic slurry by the apparatus of the present inven- 
tion will be described with reference to FIG. 1. 



[0027] Unlike the aforementioned conventional tech- 
niques, a method for manufacturing a semi-solid metal- 
lic slurry using the apparatus of the present invention 
involves stirring molten metals by applying an eiectro- 

5 magnetic field prior to the completion of loading the mol- 
ten metals into a sleeve. In other words, electromagnetic 
stirring is performed prior to, simultaneously with, or in 
the middle of loading the molten metals into the sleeve, 
to prevent the formation of dendritic structures. The stir- 

?0 ring process may be performed using ultrasonic waves 
instead of the electromagnetic field. 
[0028] First, after an electromagnetic field is applied 
to the at least one sleeve surrounded by the stirring unit, 
molten metals are loaded into the sleeve. In this case, 

*5 the electromagnetic field is applied in an intensity suffi- 
cient to stir the molten metals. 

[0029] As shown in FIG. 1 , molten metals are loaded 
into the sleeve at a temperature Tp. As described above, 
an electromagnetic field may be applied to the sleeve 
20 prior to loading molten metals into the sleeve. However, 
the present invention is not limited to this, and electro- 
magnetic stirring may be performed simultaneously with 
or in the middle of loading the molten metals into the 
sleeve. 

25 [0030] Due to the electromagnetic stirring performed 
prior to the completion of loading molten metals into the 
sleeve, the molten metals do not grow into dendritic 
structures near the inner wall of the low temperature 
sleeve at the early stage of solidification. That is, nurner- 

30 ous micronuclei are concurrently generated throughout 
the sleeve because all molten metals are rapidly cooled 
to a temperature lower than their Jiquidus temperature. 
[0031] Applying an electro magnetic field to the sleeve 
prior to or simultaneously with loading molten metal into 

35 the sleeve leads to active stirring of the molten metals 
in the center and the inner wall regions of the sleeve and 
rapid heat transfer throughout the sleeve. Therefore, at 
the early stage of cooling, the formation of solidification 
layers near the inner wall of the sleeve is prevented. In 

40 addition, such active stirring of the molten metals induc- 
es smooth convection heat transfer between the higher 
temperature molten metals and the lower temperature 
rrrnersleeve~wcill. Theiefure, themofterrmetats can be - 
rapidly cooled. Due to the electromagnetic stirring, par- 

45 tides contained in the molten metals scatter upon load- 
ing the molten metals into the sleeve and are dispersed 
throughout the sleeve as nuclei, so that only a minor 
temperature difference occurs in the sleeve during cool- 
ing. However, in conventional techniques, when the 

50 molten metals contact with a low temperature inner ves- 
sel wall, solidification layers are formed near the inner 
wall of the vessel. Dentritic crystals are formed from the 
solidification layers. 

[0032] The principles of the present invention will be- 
55 come more apparent when described in connection with 
latent heat of solidification. Molten metals are not solid- 
ified near the inner sleeve wall at the early stage of cool- 
ing, and no latent heat of solidification is generated. Ac- 
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cordingly, only the specific heat of the molten metals, 
which corresponds to about 1/400 of the latent heat of 
solidification, is required to cool the molten metals. 
Therefore, dendrites, which are generated frequently 
near the inner sleeve wall at the early stage of cooling 
when using conventional methods, are not formed. All 
molten metals in the sleeve can be uniformly cooled 
within merely about 1-10 seconds from the loading of 
the molten metals. As a result, numerous nuclei are cre- 
ated and uniformly dispersed throughout all molten met- 
als in the sleeve. The increased nuclei density reduces 
the distance between the nuclei, and spherical particles 
instead of dendritic particles are formed. 
[0033] The same effects can even be achieved even 
when an electromagnetic field is applied in the middle 
of loading the molten metals into the sleeve. In other 
words, solidification layers are hardly formed near the 
inner sleeve wall even when electromagnetic stirring be- 
gins in the middle of loading the molten metals into the 
sleeve. 

[0034] It is preferable to limitthe loading temperature, 
Tp, of the molten metals to a range from their liquidus 
temperature to 100°C above the liquidus temperature 
(melt superheat = 0~100°C). According to the present 
invention, since the entire sleeve containing the molten 
metals is uniformly cooled, there is no need to cool the 
molten metals to near their liquidus temperature. There- 
fore, it is possible to load the molten metals into the 
sleeve at a temperature of 100°C above their liquidus 
temperature. 

[0035] On the other hand, after the completion of load- 
ing molten metals into a vessel in one conventional 
method, an electromagnetic field is applied to a vessel 
when a portion of the molten metals reaches below their 
liquidus temperature. Accordingly, latent heat is gener- 
ated due to the formation of solidification layers near the 
inner wall of the vessel at the early stage of cooling. Be- 
cause the latent heat of solidification is about 400 times 
greater than the specific heat of the molten metals, sig- 
nificant time is required to drop the temperature of the 
entire molten metals below their liquidus temperature. 
Therefore, in such a conventional method, the molten 
metals are generally loaded into a vessel after the mol- 
ten metals are cooled to a temperature near their liquid- 
us temperature or a temperature of 50°C above their 
liquidus temperature. 

[0036] According to the present invention, the electro- 
magnetic stirring may be stopped at any point after at 
least a portion of the molten metals in the sleeve reach- 
es a temperature lower than the liquidus temperature T ; , 
i.e., after accomplishing nucleation for a solid fraction of 
a predetermined amount such as about 0.001 , as illus- 
trated in FIG. 1. That is, an electromagnetic field may 
be applied to the molten metals In the sleeve throughout 
the cooling process of the molten metals and then 
stopped prior to a subsequent forming process such as 
die casting or hot forging. This is because, once nuclei 
are distributed uniformly throughout the sleeve, even at 



the time of growth of crystalline particles from the nuclei, 
properties of the metallic slurry are not affected by the 
electromagnetic stirring. Therefore, the electromagnetic 
stirring can be carried out until a solid fraction of the mol- 

5 ten metals is 0.001-0.7. However, in view of energy ef- 
ficiency, it is preferable to carry out the electromagnetic 
stirring until a solid fraction of the molten metals is in a 
range of 0.001 -0.4, and more preferably, 0.001 -0.1 . 
[0037] After the electromagnetic stirring is completed, 

10 the metallic slurry is discharged from the sleeve for a 
continuous subsequent process, for example, die cast- 
ing, hot forging, and billet formation. 
[0038] After an electromagnetic field is applied and 
prior to completion of loading the molten metals into the 

15 sleeve to form uniformly distributed nuclei, the sleeve is 
cooled to facilitate the growth of the nuclei. This cooiing 
process may be performed simultaneously with loading 
the molten metals into the sleeve. 
[0039] As described above, an electromagnetic field 

20 may be continuously applied during the cooling process. 
In other words, cooling may be performed even when 
the electromagnetic field is applied to the sleeve. As a 
result, the manufactured semi-solid metallic slurry can 
be immediately used in a subsequent forming process. 

25 [0040] The cooling process may be carried out just 
prior to a subsequent forming process, and preferably, 
until a solid fraction of the molten metals Is 0.1-0.7, i.e., 
up to time tg of FIG. 1 . The molten metals may be cooled 
at a rate of 0.2-5.0°C/sec. The cooling rate may be 

3? 0.2-2.C°C/sec depending on a desired distribution cf nu- 
clei and a desired size of particles. 
[0041] By using the aforementioned process, a semi- 
solid metallic slurry containing a predetermined amount 
of solid fraction can be easily manufactured. The man- 

35 ufactured semi-solid metallic slurry is directly subjected 
to billet formation process for forming a billet for thix- 
ocasting using rapid cooling, or, alternatively, die cast- 
ing, forging, or pressing process for forming final prod- 
ucts. 

40 [0042] As described above, according to the present 
invention, a semi-solid metallic slurry can be manufac- 
tured within a short period of time. That is, manufactur- 
ing of a metallic slurry with a solid fraction of 0.1 -0.7 oc- 
curs within merely 30-60 seconds from loading the mol- 

<5 ten metals into the sleeve. In addition, the manufactured 
metallic slurry can be used for forming products having 
uniform, dense spherical crystalline structures. 
[0043] The aforementioned method for manufactur- 
ing a semi-solid metallic slurry can be performed using 

50 an apparatus according to an embodiment of the 
present invention as shown in FIGS. 2 and 3. 
[0044] Referring to FIG. 2, a semi-solid metallic slurry 
manufacturing apparatus according to an embodiment 
of the present invention comprises at least one sleeve 

55 2 for receiving molten metals in liquid state; a stirring 
unit 1 for applying an electromagnetic field to the molten 
metals; at least one plunger 5 for defining the bottom of 
a space where the molten metals are loaded, the plung- 
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er being inserted into an end of the sleeve; and a driving 
unit 3 for driving the plunger 5 upward and downward. 
[0045] The stirring unit 1 is mounted on the top of a 
hollow base plate 1 4. The base plate 14 is supported by 
a support member 15, installed at a predetermined 
height from the ground. The coil 1 1 for applying an elec- 
tromagnetic field is mounted on the base plate 1 4, while 
being supported by a frame 12 having an inner space 
13. The coil 11 is electrically connected to a controller 
(not shown) and applies a predetermined intensity of 
electromagnetic field toward the space 13 to eiectro- 
magnetically stir the molten metals contained in the 
sleeve 2 placed in the space 13. Although not shown in 
FIG. 2, the stirring unit 1 may be an ultrasonic stirrer. 
[0046] As shown in FIG. 2, the sleeve 2 may be placed 
inside the stirring unit 1, i.e., in the space 13. The sleeve 
2 may be fixed on the base plate 14 while in contact with 
the frame 1 2. The sleeve 2 may be made of a metallic 
material or an insulating material. However, It is prefer- 
able to use the sleeve 2 made of a materia! having a 
higher melting point than the molten metals to be loaded 
thereinto. The lower end of the sleeve 2 is closed by the 
plunger 5 and the upper end of the sleeve 2 is open for 
receiving molten metals. That is, the sleeve 2 may be in 
the form of a vessel with a bottom defined by the plunger 
5. However, there are no particular limitations to the 
structure of the sleeve 2, provided that the plunger 5 is 
inserted in the lower part of the sleeve 2. Although not 
shown in FIG. 2, a thermocouple may be installed in the 
sleeve 2 while the thermocouple is connected to the 
controller for providing temperature information to the 
controller. 

[0047] The apparatus of the present invention may 
further comprise a temperature control element 20 that 
is installed around the sleeve 2, as shown in FIG. 3. The 
temperature control element 20 is comprised of a cooler 
and/or a heater. In the embodiment of FIG. 3, a water 
jacket 22 acts as the cooler and an electric heating coil 
23 acts as the heater. The water jacket 22 is installed 
around the sleeve 2 arid contains a cooling water pipe 
21. The electric heating coil 23 is installed around the 
water jacket 22. The cooling water pipe 21 may be bur- 
TeoTfrTTrVe sleeve z ana otneflieafrrig means except Tor 
the electric heating coil 23 may be used. There are no 
particular limitations to the structure of the temperature 
control element 20, provided that the temperature con- 
trol element 20 can adjust the temperature of molten 
metals or slurries. Molten metals contained in the sleeve 
2 can be cooled at an appropriate rate using the tem- 
perature control element 20. It is understood that such 
a sleeve 2 can be applied to all of the following embod- 
iments of a semi-solid metallic slurry manufacturing ap- 
paratus according to the present invention. Molten met- 
als contained in the sleeve 2 may be cooled using the 
temperature control element 20 or spontaneously. 
[0048] The plunger 5, inserted in the lower part of the 
sleeve 2, moves upward and downward while connect- 
ed to the driving unit 3. The lower end of the plunger 5 



is connected to a piston rod 51 , which is in turn coupled 
with the driving unit 3. 

[0049] The driving unit 3 comprises a driving motor 
and a gear or a hydraulic cylinder, etc. The driving unit 
5 3 further comprises a power system 31 electrically con- 
nected to the controller. 

[0050] A loading unit 4 may be used as means for pro- 
viding molten metals to the sleeve 2. As for the loading 
unit 4, a general ladle, which is electrically connected to 
io the controller, may be used, in addition, a furnace for 
forming molten metals may be directly connected to the 
loading unit 4. Any devices for loading molten metal into 
the sleeve 2 can be used as the loading unit 4. 
[0051 ] In the embodiment of a semi-solid metallic slur- 
's ry manufacturing apparatus according to the present in- 
vention as shown in FIG. 2, after the driving unit 3 is 
operated to place the plunger 5 in the lowermost position 
of the sleeve 2, an electromagnetic field having a pre- 
determined frequency is applied to the interior of the 
20 sleeve 2 at a predetermined intensity by the stirring unit 
1 . Next, metals M that have melted in a separate elec- 
trical furnace, are loaded via the loading unit 4 into the 
sleeve 2 under the electromagnetic field. Applying an 
electromagnetic field to the sleeve 2 may also be per- 
25 formed simultaneously with or in the middle of loading 
the molten metals M into the sleeve 2, in addition to prior 
to the loading, as described above. 
[0052] As shown in FIG. 4, after the molten metals are 
loaded into the sleeve 2, the sleeve 2 is cooled at a pre- 
30 determined rate until a solid fraction of a resultant semi- 
solid metallic slurry S is in a range of 0.1-0.7. In this 
case, the cooling may be carried out at a rate of 
0.2-5.0°C/sec, preferably 0.2-2.0° C/sec. As mentioned 
above, the cooling may be earned out by the tempera- 
35 ture control element 20 but is not limited thereto. It is 
understood that the molten metals contained in the 
sleeve 2 may be spontaneously cooled without the aid 
of the temperature control element 20. 
[0053] Meanwhile, the application of an electromag- 
<o netic field may be sustained until the cooling is complet- 
ed, i.e., a solid fraction of the resultant semi-solid me- 
tallic slurry is in the range of at least 0.001 -0.7. In view 
of the energy efficiency, it is preferable to carry out the 
application of an electromagnetic field after loading the 
^5 molten metals into the sleeve 2 until the solid fraction is 
at least 0.001-0.4, more preferably, 0.001 -0.1 . The time 
required for these solid fraction levels can be deter- 
mined by previous experiments. It is understood thatthe 
cooling can be performed during the application of the 
50 electromagnetic field, as described above. 

[0054] After the slurry S is manufactured, the driving 
unit 3 is operated to raise the plunger 5, as shown in 
FIG. 5. Therefore, the slurry S is drawn out from the 
sleeve 2 and then transferred to an apparatus for a sub- 
55 sequent forming process, such as rheocasting process, 
by a transfer unit such as a robot. 
[0055] The semi-solid metallic slurry manufacturing 
apparatus of the present invention can continuously 
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manufacture semi-solid metallic slurries in a large scale 
and can be readily and conveniently applied to a sub- 
sequent process. Therefore, the total process efficiency 
is improved. 

[0056] The apparatus for manufacturing a semi-solid 
metallic slurry according to the present invention can be 
used for rheocasting of various kinds of metals and al- 
loys, for example, aluminum, magnesium, 2inc, copper, 
iron, and alloys thereof. Semi-solid metallic slurries 
manufactured according to the present invention con- 
tain spherical microparticles of uniform distribution with 
an average size of 1 0-60u. m. 

[0057] As apparent from the above description, ac- 
cording to the present invention, uniform, spherical 
microstructural particles can be obtained. Therefore, 
mechanical properties for alloys are improved. 
[0058] Such uniform spherical particles can be 
formed within a short time through electromagnetic stir-, 
ring at a temperature above the liquidus temperature of 
molten metals to thereby generate more nuclei near in- 
ner vessel walls. 

[0059] By using a semi-solid metallic slurry manufac- 
turing apparatus according to the present invention, the 
overall slurry manufacturing process can be simplified, 
and the duration of electromagnetic stirring and forming 
time can be greatly shortened, thereby saving energy 
for the stirring and costs. 

[0060] The semi-solid metallic slurry manufacturing 
apparatus according to the present invention makes it 
convenient to perform a subsequent process and in- 
creases the yield of formed products. 
[0061] The apparatus structure is relatively simple 
and thus a large amount of semi-solid slurries can be 
rapidly manufactured in a convenient manner. 
[0062] While the present invention has been particu- 
larly shown and described with reference to exemplary 
embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and 
details may be made therein without departing from the 
spirit and scope of the present invention as defined by 
the following claims. 



Claims 

1 . An apparatus for manufacturing a semi-solid metal- 
lic slurry, the apparatus comprising: 

at least one sleeve for receiving molten metals 
in liquid state; 

a stirring unit for applying an electromagnetic 
field to the molten metals in the sleeve; 
at least one plunger for defining the bottom of 
a space where the molten metals are loaded, 
the plunger being inserted into an end of the 
sleeve; and 

a driving unit for driving the plunger upward and 
downward. 



2. The apparatus according to claim 1, wherein the 
stirring unit applies the electromagnetic field to the 
sleeve prior to loading the molten metals into the 
sleeve. 

5 

3. The apparatus according to claim 1, wherein the 
stirring unit applies the electromagnetic field to the 
sleeve simultaneously with loading the molten met- 
als into the sleeve. 

10 

4. The apparatus according to claim 1, wherein the 
stirring unit applies the electromagnetic field to the 
sleeve in the middle of loading the molten metals 
into the sleeve. 

15 

5. The apparatus according to claim 1 , wherein the 
stirring unit applies the electromagnetic field to the 
sleeve until the loaded molten metals have a solid 
fraction of 0.001-0.7. 

20 

6. The apparatus according to claim 5, wherein the 
stirring unit applies the electromagnetic field to the 
sleeve until the loaded molten metals have a solid 
fraction of 0.001-0.4. 

25 

7. The apparatus according to claim 6, wherein the 
stirring unit applies the electromagnetic field to the 
sleeve until the loaded molten metals have a solid 
fraction of 0.001-0.1. 

30 

8. The apparatus according to claim 1, wherein the 
molten metals in the sleeve are cooled until they 
have a solid fraction of 0.1-0.7. 

35 9. The apparatus according to claim 8, further com- 
prising a temperature control element that is in- 
stalled around the sleeve to cool the molten metals 
in the sleeve. 

40 10. The apparatus according to claim 9, wherein the 
temperature control element comprises at least one 
of a cooler and a heater that are installed around 
the sleeve. 

45 11. The apparatus according to claim 9, wherein the 
temperature control element cools the molten met- 
als in the sleeve at a rate of 0.2-5 .0°C/sec. 

12. The apparatus according to claim 11, wherein the 
50 temperature control element cools the molten met- 
als in the sleeve at a rate of 0.2-2.0°C/sec. 
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